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Abstract

Algorithmic Menagerie is a continuation of and the MFA thesis work of my long term
research exploring artificial life and self-organization in the field of computer-based
generative art. Programmed in Processing, Algorithmic Menagerie is an interactive
virtual environment inhabited by algorithmic creatures. These creatures with dynamic
cellular structures are created using various methods of finite subdivision on geometric
objects, and exhibit different kinds of biological interactions with each other, reaching
an equilibrium within the simulated ecosystem. Audience participants are invited to
intervene or interact in the life processes. The inspirations along the development of the
entire project are discussed in this thesis paper, along with the relevant technical
aspects and the aesthetic context in which my works are located.

vii

1. Ignition

By this means the Heavens are open’d, and a vast number of new Stars, and
new Motions, and new Productions appear in them, to which all the ancient
Astronomers were utterly Strangers. By this the Earth it self, which lyes so neer
us, under our feet, shews quite a new thing to us, and in every little particle of
its matter, we now behold almost as great a variety of Creatures, as we were
able before to reckon up in the whole Universe it self.1

September 1665, Micrographia by English polymath Robert Hooke was published. For
the first time, people of the time were amazed with fabulous illustrations of miniature
worlds as a result of observations made with microscopes. Even more remarkable, the
term Cell for describing a biological unit was also coined by Hooke in this book:

Next, in that these pores, or cells, were not very deep, but consisted of a great
many little Boxes, separated out of one continued long pore, by certain
Diaphragms, as is visible by the Figure B, which represents a sight of those pores
split the long-ways. I no sooner discern'd these (which were indeed the first
microscopical pores I ever saw, and perhaps, that were ever seen, for I had not
met with any Writer or Person, that had made any mention of them before this)
but me thought I had with the discovery of them, presently hinted to me the
true and intelligible reason of all the Phæ nomena of Cork; As,2

Centuries later, after cells are no longer known as merely enclosed wall structures,
people are capable of using the microscope to see these stained cellular structures and

1

Robert Hooke, Micrographia: or, Some Physiological Descriptions of Minute Bodies Made by Magnifying Glasses
with Observations and Inquiries Thereupon (London: J. Martyn and J. Allestry, 1665), The Preface a.
2
Ibid., 113.

1

2

determine the visual difference between cells from separate tissues, thanks to the
advancement of technology and popularization of biological literacy.

It was in 2005, when my high school biology teacher was explaining multiple stages of
an onion root tip’s karyokinesis, that I was almost obsessed with the static black and
white textbook illustration (see Figure 1.1). The image anatomically demonstrates
different zones of an onion root tip, including: root-hair zone; elongation zone;
meristem zone; root cap.

Figure 1.1: Three-dimensional structure and plane structure of root tip

3

The thing that fascinated me was the aesthetic, organic combinations of order and
chaos. Visually, it is a gradient morphological transformation from bottom to top, while
also developing a certain proportion of random variations in between. In other words,
the transformation that happens within the structure is not strictly ordered like some of
Maurits Cornelis Escher’s tessellated lithographic and woodcut works such as The
Encounter 3 (1944), Sky & Water I 4 (1938) and Cycle5 (1938). From an animator’s
perspective, it is like displaying all the tweening frames among the four key forms, then
doing a little shuffle within each tween block, and finally tiling them in a chronological
order.

I even imagined the illustration being animated, with these little cellular units squeezing
fiercely with each other for potential space to duplicate themselves, or protruding an
additional root hair vertically from its slender body structure. As a result, the initial idea
of creating Algorithmic Menagerie started to root and take shape.

3

“The Encounter M. C. Escher (Dutch, 1898–1972),” The Metropolitan Museum of Art, accessed February 22, 2014,
http://metmuseum.org/collections/search-the-collections/365239.
4
“Sky and Water I, June 1938 M. C. Escher (Dutch, 1898–1972),” National Gallery of Canada, accessed February 22,
2014, http://www.gallery.ca/en/see/collections/artwork.php?mkey=37058.
5
“Cycle 1938 Lithograph,” M. C. Escher, accessed February 22, 2014,
http://www.mcescher.com/gallery/transformation-prints/cycle/.

2. Geometric References

2.1. Voronoi Diagram and Delaunay Triangulation

For massive creation of organic cellular structures, I looked into some existing relevant
mathematical and geometric models. Their fundamental principles helped me build up
generative rules for further production. Voronoi diagram (named and defined in 1908
by Georgy Feodosevich Voronoy6) and its dual graph Delaunay triangulation (named and
defined in 1934 by Boris Nikolaevich Delaunay 7 ) were the starting points of my
research.

Voronoi diagram is a seamless plane tessellation, whose generative result is initially
based on multiple existing points or generators within the Euclidean plane and develops
into a partition of the plane into smaller regions. The original informal use of Voronoi
diagram dates back to 1644 in René Descartes’s vortex theory of planetary motion. “In
his book on the principles of philosophy, R. Descartes claims that the solar system
consists of vortices. His illustrations show a decomposition of space into convex regions,

6

“Georgy Fedoseevich Voronoy,” School of Mathematics and Statistics University of St Andrews Scotland, accessed
February 23, 2014, http://www-history.mcs.st-andrews.ac.uk/Biographies/Voronoy.html.
7
“Boris Nikolaevich Delone,” School of Mathematics and Statistics University of St Andrews Scotland, accessed
February 23, 2014, http://www-history.mcs.st-and.ac.uk/Biographies/Delone.html.

4

5

each consisting of matter revolving round one of the fixed stars.” 8 (see Figure 2.1.1)

Figure 2.1.1: Plenum vortices in the Principles, Pr III 53.

Another early illustration of natural Voronoi structure appeared in Hooke’s
Micrographia, demonstrating the microscopic look of poppy seeds. (See Figure 2.1.2)

8

Franz Aurenhammer and Rolf Klein, “Voronoi Diagrams,” in Handbook of Computational Geometry, ed. J. R. Sack
and J. Urrutia (Amsterdam: Elsevier B.V. December 1999), 203.

6

Figure 2.1.2: Poppy seeds9

In a typical Voronoi diagram, based on a two-dimensional plane, each generator has its
own region consisting of an infinite set of points. The Euclidean distance between any
points within the set with that specific generator is shorter than the distance between
that point and any other generator. Due to this nearest-neighbor rule, the boundary of
each region consists of segments that are parts of perpendicular bisectors between
generators.

As in Voronoi diagram’s symmetric dual graph 10 , Delaunay triangulation is also

9

Robert Hooke, Micrographia: or, Some Physiological Descriptions of Minute Bodies Made by Magnifying Glasses
with Observations and Inquiries Thereupon (London: J. Martyn and J. Allestry, 1665), Schem: XIX.
10
Frank Harary, Graph Theory (Boston: Addison-Wesley, 1969), 113.
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constructed based on a group of discrete points of generators. However, the result is a
seamless tessellation purely made of triangles, instead of irregular polygons like the
Voronoi diagram. The initial generator points are located on the edges of enclosed
triangular cells, not inside its specific corresponding region. To generate
two-dimensional Delaunay triangulation, any three given generators would be picked
and used as vertices to form a triangle as long as no other generators are inside the
circumscribed circle of this triangle. This process continues until all the possible
combinations are traversed.

From a visual perspective, these two geometric models provide an ideal method to
create artworks based on organic cellular patterns, such as: Diana Lange’s Stem11,
Quayola’s Strata #312, John McCormack’s Voronoi Wall13, and Scott Snibbe’s Bubble
Harp14. However, as far as my research had proceeded, Voronoi diagram and Delaunay
triangulation introduced defects in my creatures. Assuming that I would like to animate
these initial generators to create a morphing cellular organism, the major drawback of
these two methods is that it is only possible to trace either the existence of each cellular
unit or anchor points of the lattice. For Voronoi diagram, each initial generator could be
considered as the existing symbol of a cell. But with the position translation of each
11

“Nature of Code Stem,” Diana Lange, accessed February 25, 2014,
http://www.flickr.com/photos/dianalange/sets/72157629453008849/.
12
“Strata #3 (2009),” Quayola, accessed February 25, 2014, http://www.quayola.com/strata3/.
13
“Voronoi Wall,” John McCormack, accessed February 25, 2014,
http://jonmccormack.info/~jonmc/sa/artworks/voronoi-wall/.
14
“Bubble Harp,” Scott Sona Snibbe, accessed February 25, 2014,
http://www.snibbe.com/projects/interactive/bubbleharp.

8

generator, the boundary would re-construct every time a sign change happens between
two generators. Their subtraction of location either on x-axis or y-axis in the Cartesian
coordinate system results in a change in the number of vertices forming each enclosure,
as well as a radical morphological change of the entire structure. This feature of
untraceable boundary data limits my control over the structure, and makes it difficult
for me to further integrate bio-inspired features. Delaunay triangulation directly uses
the generators to construct the lattice, which makes it possible to trace the boundary;
however, with the displacement of initial points, the triangular cell formed by three
specific generators in this moment may not still exist in a short period of time, popping
into and out of existence. This ultimately leads to the result that the cells themselves
are almost impossible to trace.

Figure 2.1.3: Stem (2012), Diana Lange

9

Figure 2.1.4: Strata #3 (2009), Quayola

Figure 2.1.5: Voronoi Wall (2011), John McCormack

10

Figure 2.1.6: Bubble Harp (1997), Scott Snibbe

2.2. Map Lindenmayer System

Lindenmayer System, or L-System, is a mathematical rewriting system introduced in
1968 by Hungarian theoretical biologist and botanist Aristid Lindenmayer:

as a theoretical framework for studying the development of simple multicellular
organisms, and subsequently applied to investigate higher plants and plant
organs. After the incorporation of geometric features, plant models expressed
using L-systems became detailed enough to allow the use of computer graphics
for realistic visualization of plant structures and developmental processes.15

Rewriting, the fundamental idea for L-System, means a successive derivation and

15

Przemyslaw Prusinkiewicz and Aristid Lindenmayer, The Algorithmic Beauty of Plants (New York: Springer-Verlag,
1990), Preface vi.

11

replacing process on a set of objects. Rewriting itself doesn’t require a deterministic
algorithm, but it could be used to transform a simple initial unit into a complex object
based on a set of defined rules. A good example could be Deterministic Context-free
L-System, or DOL-systems, the simplest descendant of L-System, which only uses two
letters to demonstrate the derivation. “Each letter is associated with a rewriting rule.
The rule a→ab means that the letter a is to be replaced by the string ab, and the rule b
→a means that the letter b is to be replaced by a.”16 (see Figure 2.2.1)

Figure 2.2.1: Derivation in a DOL-System17

One natural paradigm for DOL-System’s threadlike growth pattern is Anabaena18, which
also has a filamentous body structure consisting of a chain-like colony of cells. For my
Algorithmic Creature 1B5F119, I also used this filamentous growth model to build the
16

Ibid., 3.
Ibid., 4.
18
"Growth Model for the Blue-Green Alga Anabaena catenula," Enrique Zeleny, accessed March 7, 2014,
http://demonstrations.wolfram.com/GrowthModelForTheBlueGreenAlgaAnabaenaCatenula/.
19
1B5F1 (2013), Raven Kwok, accessed March 7, 2014, http://ravenkwok.com/1b5f1/.
17

12

basic structural framework, as well as its functionality of replication which I will cover
later in the individual behavior part of this paper.

Map Lindenmayer System, or Map L-System, is a more complex descendant of L-System,
and could be used to visually demonstrate the process of cell division through parallel
rewriting and region & edge labeling; although, neither nucleus replication nor cytoplast
division is included in this simulation. The prefix Map means “a finite set of regions”20
with “each region surrounded by a boundary consisting of a finite, circular sequence of
edges that meet at vertices,”21 which perfectly matches my idea of proliferating cellular
clusters.

The derivation begins with a starting map encircled by a series of unidirectionally
connected edges with labels. According to a set of pre-defined rewriting rules, each
edge will be replaced with a group of sub-edges based on its subdivision pattern.
Simultaneously, new markers will protrude from the predecessor edge, indicating the
position of division to form new regions. (see Figure 2.2.2)

20

Przemyslaw Prusinkiewicz and Aristid Lindenmayer, The Algorithmic Beauty of Plants (New York: Springer-Verlag,
1990), 145.
21
Ibid.

13

Figure 2.2.2: Example of a map L-system with directed edges22

Like the previous geometric models, Voronoi diagram and Delaunay Triangulation, the
Map L-System model at cellular layers does not work quite effectively regarding
assigned operation on one specific cellular unit. Since the edge labels keep changing
with rewriting process, this leads to a cellular cluster consisting of untraceable cellular
individuals. On the other hand, the technique of using labeling and rewriting edges to
implement dynamic proliferation of cellular structure greatly inspired me.

2.3. Pentagonal Tiling

In American Mathematical Society’s Conformal Geometry and Dynamics journal Vol. 123,
Philip L. Bowers and Kenneth Stephenson introduced a way to tile the Cartesian plane
22

Ibid., 149.
“Conformal Geometry and Dynamics,” American Mathematical Society, accessed March 10, 2014,
http://www.ams.org/journals/ecgd/home-1997.html.
23

14

using regular pentagons under a conformal map. The method involves recursively using
one tile type that subdivides a pentagon into several descendent pentagons. Multiple
tile types could be combined into one subdivision rule, which also includes the situation
of using only one single type for all tiles in the plane. With the increment of recursion
level, one subdivision rule could “produce a series of increasingly complicated tiling.
They can be represented by a list of labeled polygons whose interior is divided up by a
finite number of edges into smaller labeled polygons.”24

In Bowers and Stephenson’s paper, they consider one pentagonal tile as “a topological
open disc which is decomposed into faces (closed topological pentagons), edges (simple
topological arcs), and vertices (points).”25 When the subdivision rule acts on the original
tile, one midpoint on each edge will emerge, generating an isometric strut which
directly faces its opposite vertex. After connecting the end of each strut, the original
pentagonal tile is subdivided into six child pentagons, with the center one using
endpoints of all struts that protrude from original edges as new vertices, while the
surrounding pentagons use two ending points of struts, two emerging midpoints and
one original vertex of its parental tile. This rule could be further applied to all
descendants until it reaches the designated maximum recursion level. (see Figure 2.3.1)

24

Brian Rushton, “Alternating Links and Subdivision Rules” (Master thesis, Brigham Young University, 2009),
Introduction, 1.
25
Philip L. Bowers and Kenneth Stephenson, “A 'Regular' Pentagonal Tiling of the Plane,” Conformal Geometry and
Dynamics An Electronic Journal of the AMS 1 (1997): 61, accessed March 10, 2014, doi:
10.1090/S1088-4173-97-00014-3.

15

Figure 2.3.1: Straight line subdivision stages26

British artist Matt Pearson27 has also mentioned this kind of pentagonal tiling as the
Sutcliffe Pentagon in his book Generative Art: A Practical Guide Using Processing28. He
tended to credit this tiling method to Alan Sutcliffe29, one of the founding members of
The Computer Arts Society30.

The hierarchical structure, due to the involvement of recursion, creates a deeply nested
or parallel relation between tiles, or cells. When gracefully labeled within each level of
recursion, these cells could be easily traced, and even temporarily be converted into a
complete parallel structure when each one is given a global index calculated through its
26

Ibid., 83.
Zenbullets, accessed March 11, 2014, http://zenbullets.com/thumbs.php.
28
Matt Pearson, Generative Art: A Pratical Guide Using Processing (Shelter Island: Manning Publications, 2011), 170.
29
“Alan Sutcliffe,” CompArt Center of Excellence Digital Art, accessed March 11, 2014,
http://dada.compart-bremen.de/item/agent/521.
30
Computer Arts Society, accessed March 11, 2014, http://computer-arts-society.com/.
27
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label within the level, its parental cell’s label, and its direct descendant amount.
Furthermore, integrating dynamic tile types with different descendant amounts allowed
me to have more flexible and precise control over the structure when implementing the
functionality of growth through changing tile types with varying numbers of
descendants.

3. 115C8 and EDF0

3.1. 115C8

Originally made in May 2012, 115C831 is the first piece of my Algorithmic Creatures
series. I used the recursive subdivision technique to create complex cellular clusters
based on geometric shapes. Its single tile type divides a triangle into sixteen
descendants. After four levels of recursion, the total number of cell units reaches 4369.
(Lv. 0: 1 (160), Lv. 1: 16 (161), Lv. 2: 256 (162), Lv. 3: 4096 (163)) Inspired by Bowers and
Stephenson’s pentagonal tiling, I used a similar way to construct the tile type. I located a
division point on each median of the triangle, which goes through the barycenter and
connected all three division points to form a new centric cell. Using the division points,
midpoints, and quartered points distributed on the parental edges, I divided the
surrounding region into fifteen sub-cells. (see Figure 3.1.1) Unlike barycentric
subdivision32, this tile type doesn’t directly use the barycenter as division point to
generate smaller tiles.

31
32

115C8 (2012), Raven Kwok, accessed March 12, 2014, http://ravenkwok.com/115c8/.
Allen Hatcher, Algebraic Topology (Cambridge: Cambridge University Press, 2002), 119.

17
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Figure 3.1.1: 115C8 tile type

Besides its cellular structure (see Figure 3.1.2, 3.1.3), another factor that contributed to
115C8’s visually life-like sensation was its organic motion. During the creation, the thing
that came to my mind was Perlin Noise, which also involves an organic, lifelike
appearance, between order and chaos. Originally, Perlin Noise was “a texturing primitive
you can use to create a very wide variety of natural looking textures. Combining noise
into various mathematical expressions produces procedural texture.”33 I decided to use
its gradient random patterns to create other irregular things besides procedural texture,
in this case, motion.

33

Ken Perlin, “What’s noise?,” accessed March 12, 2014, http://www.noisemachine.com/talk1/3.html.

19

Figure 3.1.2: 115C8 with recursion level-4

Figure 3.1.3: 115C8 with recursion level-4

“Noise is a mapping from Rn to R - you input an n-dimensional point with real
coordinates, and it returns a real value.”34 Under the circumstance of one-dimensional

34

Ken Perlin, “Band limited repeatable `random' function,” accessed March 12, 2014,
http://www.noisemachine.com/talk1/14.html.

20

point, with the gradual increment or decrement of the input value, the product trail will
be pseudo-random but smoothed values, which could be considered as a movement
pattern from an animator’s point of view. As a result, I set up an input for each
triangular cell of 115C8 to generate three products based on the noise function. These
products control the interpolations of division points along three medians in each
triangular cell. With the input slowly proceeding, products start to fluctuate,
subsequently causing the entire structure to morph. Furthermore, traversing all cells in
order (based on recursion level, vertex type and index), I added an incremental offset for
each division point interpolation’s input so that all inputs are orderly and distributed as
an average along the independent variable axis for noise function, instead of coinciding
as one. This led to a series of linked, organic wavy movements, which helps build up a
sense of tension and interlocking within the creature.

Interestingly enough, sometimes one tile (especially ones consisting of a strut point, a
midpoint and a quartered point) is squeezed into an extremely flat obtuse triangle. It
will be visually combined with a similar adjacent tile to form a compressed quadrilateral,
which almost looks like a muscle fiber. A unique texture arose out while these fibrous
cells were piling up. I was greatly fascinated by this unexpected phenomenon at that
time, and decided to consciously experiment this on my next creature, that is, EDF0.

21

3.2. EDF0

Created in June 2012, EDF035 is the second member in my Algorithmic Creatures
collection. I continued with the method of recursive subdivision and noise-driven
motion pattern, while at the same time, testing new features and functionalities. Unlike
115C8, the basic tile of EDF0 is a hexagon, which has 2801 cell units arising from five
levels of recursion. (Lv. 0: 1 (70), Lv. 1: 7 (71), Lv. 2: 49 (72), Lv. 3: 343 (73), Lv. 4: 2401 (74))
(see Figure 3.2.1)

Figure 3.2.1: EDF0 tile type

35

EDF0 (2012), Raven Kwok, accessed March 12, 2014, http://ravenkwok.com/edf0/.
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Despite the quantity of edges, vertices, and shape of the tile itself, there is one
significant difference between EDF0’s tile type and 115C8’s tile type, that is, the inactive
triangular regions that don’t become part of the process of subdivision (marked in grey,
see Figure 3.2.1). Due to this distinction, considering these triangles as an unfilled space
or gap, I found it might not be appropriate to regard each hexagonal sub-cell as a tile,
since tiling a plane requires no gaps in the context of tessellation. But to maintain
continuity, I will keep using the term tile type for the rest of this paper in a general sense,
to describe a way to subdivide a single geometric cell.

In addition to the gaps within the cellular cluster, I also tried overlapping parts of the
tiles to create a dense layered texture. By extending the range of interpolation results
for strut points (marked in blue, see Figure 3.2.1), each hexagonal cell doesn’t need to
be a convex hull. This modification intensified the internal distortion of the entire
creature (see Figure 3.2.2). Especially when animated, a chain of wild changes of
structural interior angles brought about an appearance of the creature performing a
contraction by folding parts of its body back beneath the surface, then a stretching by
squeezing out part of its hidden body under the skin. This organic movement personally
gives me the feeling that the creature is exchanging some invisible substances with the
virtual environment it lives in, almost like breathing.

23

Figure 3.2.2: EDF0 with recursion level-5

Another thing I added to EDF0 was a morphing of the basic hexagonal framework itself,
the very root that produces all sub-cells according to the tile type. After the creation of
115C8, I received feedback on my use of a static equilateral triangle as an ancestral
framework for the creature. To some, the static triangle body was sensuously, more like
a rigid enclosed boundary, quite separated from its transforming inner structure. The
imagery was sometimes interpreted as a bacterial colony living in a triangular petri dish,
after I started to call it a creature. For EDF0, I applied the same method used on all strut
points of the structure, that is, to use a linear sequence of noise products to determine
the positions. In addition, I deliberately connected the end of an independent variable
sequence for the outer vertices. Starting with one of the strut points in level-0 made a
coherent sequence so that motion linkage exists in every part of the creature.

4. 18F44

18F4436 was originally intended to be a further structural study based on EDF0, but
later became an independent creature member whose structure during its early “life
stage” is in some way identical to that of EDF0. After creating 115C8 and EDF0, I started
to think of the potential to push the dimensional boundary of the creatures, which at
the time were generated based on a two-dimensional plane. However, my approach was
not directly extending 2D geometric subdivision to 3D space partitions since it seemed
too radical for me. Instead, what I did was to integrate one new algorithm, which
protrudes strut points from the plane where the tile is located (see Figure 4.1), into the
existing subdivision rule. Then these strut points will be used in the same way as they
were, connecting with the rest of the vertices in the tile to form descendant cells. In this
way, my original flat creatures started swelling. When this method was applied on EDF0,
the creature’s motion imagery of folding its own body was greatly intensified, changing
from gentle breathing to radically breaking out.

36

18F44 (2013), Raven Kwok, accessed March 15, 2014, http://ravenkwok.com/18f44/.
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Figure 4.1: Protruding strut point

For the 2012 MFA exhibit, at the end of my first semester, I set up a networked
multi-screen demonstration of the progress I had made. The server at the front of the
room randomized series of data and sent out a broadcast, which contained essential
parameters manipulating the creature‘s visual features and camera location every
minute to all clients displaying the imagery. (see Figure 4.2) The three visual basic
components for each cellular tile were: vertex mode, edge mode, mesh mode. For
camera locations, there were: distant panoramic view, detailed close up view, and a
mid-shot from inside of the creature. Furthermore, smooth transitions were established
between different camera locations. Therefore, the audience had a chance to see the
creature in different perspectives within a non-interrupted experience, with the intent
of gaining a better understanding of its morphology, texture and transformation.
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Figure 4.2: 18F44 at West Hall 211 (photo by Ryan Jenkins)

As a continuation of this three-dimensional structural extension study, I started to
conceptualize this protrusion as a unique session in the creature’s entire progression of
life stages, even though the life stages themselves hadn’t been well defined at the time.
The reason for this concept was that radical morphological transformation now not only
happens to each microcosmic cellular unit, but also affects the appearance of the entire
creature as a whole. Compared to the creature’s morphing merely on a two-dimensional
plane, the change is conspicuous and takes place suddenly, like the stage of biological
metamorphosis, similar to a tadpole turning into a frog, or a butterfly breaking out of a
chrysalis. With the development of this idea, I designed multiple life stages for 18F44,
including Proliferation, Mutation, Protrusion and Disintegration.

Proliferation is the stage where 18F44’s body structure develops from a single hollow
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hexagonal framework until it reaches saturation. During the creation of this stage, I had
not yet integrated the idea of rewriting and derivation of Map L-Systems into the
algorithm that constructs the creature’s cellular body. An alternate I tried was displaying
a certain portion of segments intercepted by two interpolation values on each edge of
every cell. By controlling these two interpolation values, each cell could be displayed as
any status from six separated fragments to an entire unbroken hexagonal enclosure.
(see Figure 4.3) The growing process of the cellular cluster is visually simulated; even
though, all cells of 18F44 have been initialized already at the beginning.

Figure 4.3: 18F44, stage of Proliferation

Mutation was the stage that acts as a cue and buffer for the creature’s further
metamorphosis. The morphing structure is still based on the two-dimensional plane;
however,

several

emerging

visual

elements

indicated

an

imminent radical
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transformation. One was increasingly frequent flickering of the imagery. A second was
an increased pace for the creature’s movement due to the progressively larger
increment of input, which feeds the noise function. The third was a wider re-mapping
that greatly increased motion ranges for all the struts points in the entire structure,
giving them even the possibility to move off their attached tile.

Protrusion was the stage where the fundamental subdivision rule of the structure
changes, triggering the creature’s metamorphosis. It was also the stage at which my
earlier study, mentioned at the beginning of this chapter, was implemented. The change
of subdivision rule began from the deepest level of recursion, climbing up the cellular
structure for each tile. (see Figure 4.4) After traversing all units in the same level, the
algorithm continued onto a higher level of recursion, until it reached the top. Although
metamorphosis is a process in which relatively radical changes happen regarding the
creature’s appearance, the process itself does not need to be abrupt. I set a time
interval between protrusions of different tiles, allowing the audience to follow and
understand the gradual changes happening to both appearance and behavior of the
creature.
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Figure 4.4: 18F44, stage of Protrusion

Disintegration was the final stage in 18F44’s full lifespan. The creature started breaking
up into little fragments, which eventually vanished in the environment. Similar to the
first Proliferation stage, the tile type of each cellular unit remained the same, which
meant the structural framework of the creature did not disintegrate. Inspired by
half-edge data structure, I divided each hexagonal tile in the deepest level of recursion
into six triangles using the tile’s center point, and only revealed the facet that are
encircled by half-edges within each triangle. By gradually increasing the distance
between the half edge and its corresponding original edge, each cell could be visually
broken into six diminishing triangular fragments, simulating the disintegration
procedure.

Unlike its earlier non-linear demonstration for the first semester, I composed all four
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stages and made it a linear cinematic piece, introducing a new element, which was how
time affects 18F44 through the creature’s transformation during different life stages. I
thought adding sound would intensify the sensory experience that my creature would
bring to the audience. I asked my collaborator, Wack Wang37 (aka Zhipeng Wang) to
compose the soundtrack for this cinematic piece. In parallel, I also started to consider
the potential of letting my creatures autonomously make their own sounds by sonifying
their own structural parameters.
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Wack Wang, accessed March 15, 2014, http://wackwang.com/.

5. Behaviors

5.1. Re-visiting Proliferation and Map L-System

With the expansion of my Algorithmic Creatures collection, along with supporting study
and research, I started to focus on enhancing the creatures’ sense of being. Many
relevant questions regarding the creatures themselves as living in some way emerged
for me to contemplate. How do these creatures adapt to the environment? How do they
communicate with each other? How do they as a group or species develop a certain
biological relationship with another species? These questions pushed me to create
further works for the series from a more advanced perspective, that is, to set the rule
not only to make it look lifelike or organic, but also to define the creature’s own
functional behaviors. Therefore, I started to implement this idea first at the cellular level
of my creatures.

As I have mentioned in Chapter 18F44, the way I implemented the stage of Proliferation
was using a group of segments that cover a certain portion of the edges in the tile, and
changing the portion to indicate the formation of a new cell. This was a more “nature as
it could have been”38 than ”nature as it is”39 approach. As a personal research project
38
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for Kathy High’s Eco Chic class during my third semester, I decided to review this
proliferation functionality and rebuild it with the inspiration I got from Map L-System,
which is a more biologically realistic model and could be used to visualize “a simulated
development of Microsorium linguaeforme,”40 which is a genus of ferns. The model
itself highly resembles the process of cell division from a biological perspective, as the
model requires markers to indicate the location and direction of the division. Before the
matching markers are connected to form a new edge that splits the cell into two parts,
the disjoined markers function just like the pre-prophase bands in the mitosis process.

The creature I chose to experiment with was EDF0. Inspired by the idea of rewriting, I
designed six different tile types (see Figure 5.1.1) or six rewriting stages that contain
different numbers of descendant cellular units. By rewriting, or replacing each cell’s tile
type with another one that has more descendants, the subdivision process can become
dynamic. The creature is able to build up its body structure step by step.
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1990), 161.
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Figure 5.1.1: Six tile types for the new EDF0

The process starts from a single triangular cell, and ends as an internally interconnected
hexagonal cell with thirteen regions and seven functional sub-cells. During each time of
rewriting, new types of vertices will be spawned, forming new types of edges and
regions, also producing new sub-cells. Each sub-cell generated in this process will also
keep rewriting itself with the next tile type until all of its descendants in the deepest
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recursion have reached the last stage of rewriting. At the beginning of each rewriting
stage, the creature’s structure building mechanism will randomize the time period that
indicates the next rewriting, offering each cell of the creature a separate proliferation
process regardless of its position in this multiple nested recursion.

5.2. 1194D - Living as a Group

Created in late September 2013, 1194D41 was originally an algorithmic creature based
on a triangular framework. Similar to 18F44, its inner structure could stretch out from
the plane of its basic framework. As further development of the piece was going on, I
decided to make and show it as a linear cinematic piece that contained a series of
variations based on multiple stages. However, unlike 18F44, which was going through
different life stages of a single creature, 1194D is an experiment on various visual
combinations based on multiple creatures living as a group or herd. The sense of time,
or maturing of the creature, was not as strong as it was in 18F44.

For 1194D, I defined and designed the creatures’ simulated virtual habitat, which was a
three-dimensional grid consisting of layers of regular tetrahedron wireframes facing
opposite directions inlaid with each other. (see Figure 5.2.1) Each creature’s
41
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fundamental framework vertices were only allowed to move along these wireframes in
the environment. Any wavy movement of the lattice-based habitat itself would cause
the fluctuation of the creatures inhabiting within. As a result, the creatures needed to
aggregate together as a collective behavior as much as possible to reduce the negative
impact brought by the environment. A natural reference is the shoaling behavior of fish
that benefits the entire group by defending themselves against predators. However, for
1194D, the creatures’ movements were largely constrained by its grid-based habitat, so
the group behavior was a synthesis based on my customized rules, rather than a
swarming simulation.

Figure 5.2.1: Grid consisting of tetrahedral units as environment

The first half part of the video shows the growth of one single creature from a hollow
triangular cell, just like the proliferation stage of 18F44. After the massive duplication
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that created a herd within the environment, each creature started to move or transform
along the grid, connecting with others to form groups that were visually expressed as
different kinds of geometric combinatorial modalities. The following static images
demonstrate some of the group formations. (see Figure 5.2.2-5.2.5)

The first formation (see Figure 5.2.2) was made up of small tetrahedral sub-groups. Each
sub-group was formed by four creatures, with each creature functioning as one facet of
the tetrahedral framework. As one of nature’s most stable structures, the tetrahedral
formation provided each group member with protection from being overly stretched by
the grid.

Figure 5.2.2: Formation No.1

The second formation (see Figure 5.2.3, 5.2.4) was composed of two separate parts. The
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lower part was a seamless spreading plane consisting of linking individual creatures,
while the upper part was relatively loose and free forming. This formation especially
works under the situation that the quake starts from the bottom of the environment.
The lower planar group will function as a soft shield, a damping device to moderate the
fluctuation from bellow.

Figure 5.2.3: Formation No.2 (Aerial view)
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Figure 5.2.4: Formation No.2

The third formation (see Figure 5.2.5) had the most complexity among the three. The
group built up the entire structure, starting from one creature as root at the center of
the environment. By using any two vertices on the triangular framework of the root
creature, plus another unoccupied vertex in the neighboring tetrahedral grid unit picked
at random, a new triangular space will form to fit in another creature. This mechanism
was continuously applied to the new forming creature until the total number reaches
the capacity of the group. Due to this feature of non-redundant random walk, the group
formation appears as a single thread, although the thread itself is highly twisted, even
knotted in some areas. This was a quite effective trait against the strong external force
of the environment.
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Figure 5.2.5: Formation No.3

Besides Intraspecific behaviors, for 1194D, I also experimented with labeling all cellular
units in the recursion with a sequence of global indices without repetition. This was
implemented by each cell passing its own index as parental index for its descendants
into the next level of recursion, in addition to its relative index among its peers and the
next level number:
Global Index = Parental Index * Descendants Number + Relative Index +1
This functionality allowed me to appoint a specific cell unit to perform a certain task (e.g.
changing its tile type, removing all of its sub-cells, quickening its motion pattern), and
was used quite often in my following experiments on interspecific behaviors.
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5.3. ECO - Living as Different Species

As a continuation of integrating simulated behaviors into Algorithmic Creatures, I started
to focus on exploring the possible interaction between creatures of different species.
ECO was created for this purpose, and was originally a simple but diverse algorithmic
creatures community including two species: EDF0 and CB91. These two species shared
the same environment but did not significantly affect each other. (see Figure 5.3.1) As a
result, no significant interactive behavior was seen during the process. Later, this
became the demonstration of Neutralism, one of the six bio-interactions in ECO. The
remaining five are Predation, Competition, Parasitism, Commensalism, and Mutualism.

Figure 5.3.1: ECO - Neutralism

Predation demonstrated an antagonistic interaction between two species: EDF0, being
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the prey; and CB2D42, being the predator. Both creatures were generated based on
recursive subdivision of a hexagon, but their tile types were totally different and could
be easily distinguished through their appearances. Also, CB2D, the predator’s body size
tends to be much bigger and heavier than EDF0’s, leading to its relatively slow
movement. The virtual environment of Predation was an enclosed space with its
boundaries slightly exceeding the screen so that the faster-moving preys could not
always escape, especially when being cornered and pressed by its predator’s huge body
size. This specific design helped to maintain the equilibrium of this simplified ecosystem.

When CB2D catches an EDF0, its connected body part near the prey would momentarily
break down into multiple tentacles surrounding the prey and continue stabbing the
prey to break its body structure. Meanwhile, an invisible force was generated from the
center of CB2D, gradually pulling the prey deep into the core to prevent it from
escaping. During this process, the body structure of captured EDF0 was slowly
decomposed as the result of CB2D’s digestion behavior. Visually, this was demonstrated
by removing EDF0’s sub-cells within its structure and the apparent shrinking of its body
size. In a short period after the prey had been disintegrated, CB2D would use the
decomposition products to fill up the gaps in its own body. This idea of transition from
one body to another body was an inspiration from the process of proteins being
broken into polypeptides, next amino acids, and then being rebuilt into proteins
42
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according to transfer RNA and messenger RNA in the field of molecular biology.

This antagonistic interaction was also partly covered in Competition, the third piece of
ECO; although, the main biological interaction I wanted to demonstrate in this
interaction was a mutually detrimental interaction between species. In Competition, two
creatures: 1B8AD43 and 1B5F144 are fighting for the same prey – EDF0s in the virtual
environment. Compared to CB2D, predator of EDF0 in the demonstration of Predation,
the size of either 1B8AD or 1B5F1 was even bigger, and was only partially shown on the
screen. Each of the predators took one side of the screen, jostling with each other for
their prey, which were spawned from the bottom center. Both 1B8AD and 1B5F1 would
drag the prey to their own sides using a force depending on how close the distances are
between the prey and themselves. (see Figure 5.3.2) As a result, they needed to
constantly push their competitor in order to get an ascendant position.
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Figure 5.3.2: ECO - Competition

Parasitism, another form of antagonism, was the fourth piece of ECO. It demonstrated a
one-sided detrimental symbiosis between two creatures: EDF0, as the host, and CA01,
as the parasite. CA01 benefited in this biological interaction by embedding into part of
EDF0’s sub-cells and used them as a space to develop their body structures. (see Figure
5.3.3) To implement this behavior, I used the same technique I experimented with in
1194D. By specifying a series of global indices, I was able to replace the tile type and
movement of the corresponding cellular units in the host creature with the ones for the
parasite creature. At the expense of EDF0, I corrupted part of its body and implanted
multiple CA01s.
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Figure 5.3.3: ECO - Parasitism

Unlike Parasitism, Commensalism demonstrated a one-sided benign relationship in
which neither species affects the other in a negative way. The interaction happened
among three creatures: C99D as the beneficiary, EDF0 as the prey, CBF545 as the
benefactor. CBF5, which inherently had a hollow space in the middle of its hexagonal
body, offered this space as a habitat for C99D to live, without damaging any of its own
body structure. Unlike Competition, both two creatures feed on EDF0; although, C99D
only consumes and absorbs the remaining parts of C99D, which cannot be fully digested
by CBF5.

Mutualism was the last piece in the series of ECO, and also a comparatively complex set
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45

of interactions that had the most participating species including: 1D78946, 1B8AD, CB91,
EDF0. It was generally a symbiotic relationship in which any species mutually benefits
their companion, but also included some minor antagonistic interactions. In Mutualism,
1D789 provided the hollow central part of its body as a shelter for 1B8AD to hide from
its predator CB91. In return, 1B8AD helped to clean 1D789’s body structure by
devouring indigestible EDF0s within. (see Figure 5.3.4) To implement this, I designed a
simple artificial intelligence for CB91 to decide the right moment to charge at its prey,
1B8AD, based on relative locations of the prey, the prey’s symbiote (protector), and
itself. Correspondingly, another mechanism was also built into 1B8AD regarding its
escape back to the shelter, creating a periodic back and forth interaction between the
two.

Figure 5.3.4: ECO – Mutualism
46

1D789 (2013), Raven Kwok, accessed March 25, 2014, http://ravenkwok.com/1d789/.

6. Integration

After experimenting with both interspecific and intraspecific interactions among the
algorithmic creatures themselves in ECO, I decided to push the boundaries and extend
the scope of interactivity to be between digital creatures and humans in the real world. I
worked with my collaborator Kelly Michael Fox47, whose installation Charivari48 was ”a
self-organizing, generatively modeled system of sound ‘organisms’ inhabiting a virtual
space”49. Mr. Fox implemented the idea of sonification that took shape after the
cinematic piece of 18F44. The continuation of my previous projects on algorithmic
creatures, with the integration of new elements, Algorithmic Menagerie was created
and exhibited at The Curtis R. Priem Experimental Media and Performing Arts Center
(EMPAC) Studio 2 from March 27th to March 29th, 2014.

The enormous and dark physical space of Studio 2 provided the audience with an ideal
experiencing environment, in which they could feel themselves being part of the
eco-system of Algorithmic Menagerie without significant visual or sonic distractions. To
take physical advantage of the space, as well as enhance the sense of co-existence, the
visual portal of the environment was designed as a splice of three large-scale projections:
47
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two floor projections (23ft x 13ft for each) and one vertical screen projection (27.5ft x
15ft) (see Figure 6.1). Eight speakers were set up to produce sound of the creatures.
Two speakers corresponded with the imagery on the vertical screen, located on either
side. The remaining six were placed on the working grid above, facing towards the floor
projections, emitting sound waves that eventually would bounce off the floor and fill the
entire environment. Both the visual and audio setup helped to intensify the immersive
experience of the participating audience, making them feel that they stepped into a
different digital universe inhabited by algorithmic creatures, instead of software
playground.

Figure 6.1: Projections setup

Interaction contributed to the sense of immersion. A mouse, keyboard or touch screen,
acts as an intermediary agent in the process of interaction. These devices would inform
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the audience unconsciously that they themselves are not involved in the interactive
content. To avoid this, I decided to encourage the participants to use their own bodies
as input to explore their potential interventions in the virtual eco-system. By moving
around in a large environment and acting by their own motivations, the audience would
tend to feel a symbiotic state with other creatures. This matches my original intention of
bringing in the sense of co-existence between humans and algorithmic creatures. To
implement this body-based interaction, I used two Microsoft Kinects, whose combined
depth detection covered the entire floor projection area. These two Kinects projected
infrared light to the floor and calculated the depth data. When a participant is moving
within the detection range of the Kinects, his stature will cause depth change of the
corresponding area in the depth map. By setting an appropriate threshold value to
transform each pixel of the depth map to either black or white, I was able to get the
result as a “binary” image. The “binary” image was box-blurred to filter out some image
noise and then went through a blob detection procedure, which finally resulted in the
locations of the participants represented as blobs.

While the interaction was designed to be quite a fascinating and playful part for
Algorithmic Menagerie, I didn’t want it to be too straightforward like pushing a button
or pulling a trigger. I also did not want it to be so subtle that the audience would have
difficulty discovering their interventions, thus interpreting the piece as an isolated
installation. On account of this, I thought of using something other than the resident
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creatures as an obvious hint that indicates the interactive feature of Algorithmic
Menagerie, and encourages the audience to explore their subtle influence on these
algorithmic creatures. Inspired by my previous cinematic piece 1194D, I built up a grid,
not as wireframes for the creatures within to live upon like in 1194D, but an indicator of
interactivity to guide the audience to step into the environment and become part of this
virtual eco-system.

Another function of the grid was to reinforce the sense of depth of the environment.
Unlike ECO, in Algorithmic Menagerie, both body structures and motion patterns of the
creatures were computed in three-dimensional space, which meant that one creature
could be covered by another due to their different positions on the Z-axis. This raised an
issue on how to visually differentiate creatures located at various depths. The solution I
adopted was to compute the average depth value of two vertices before drawing each
edge, and map that value to set the proper transparency and weight for the edge. The
nearer an edge was to the screen surface, the more opaque and thicker its body
structure would become. However, this alone was not effective enough. During early
test stage in December 2013, I was often confused by the creatures’ spatial locations.
This was later solved by adding grid as a visual reference object, which created an
illusion of depth and also helped the audience subliminally compare edges on the
creatures’ body structures with edges on the grid to locate the creatures’ positions
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within the environment (see Figure 6.2). The basic unit of the grid was also changed
from a tetrahedron to a cube to simplify this referencing process.

Figure 6.2: The grid environment

Algorithmic Menagerie was divided into two separate sub-systems running on different
computers: the interactive one on the floor and the non-interactive one on the vertical
screen. Nevertheless, they shared the same series of stages by sending Open Sound
Control50 (OSC) messages from one to another in order to trigger the transition. Most of
the stages were similar with ones in ECO, including: Neutralism, Predation, Competition,
and Parasitism, though some creatures involved in each stage were different or
developed distinct body structures. I implemented the proliferation functionality for all
the featuring creatures by replacing a series of customized tile types for each creature,
50
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resulting in the seamless and smooth transition sessions between stages. The last stage
of Algorithmic Menagerie was the self-destruction of the entire environment, visually
shown as an increasingly frequent random flickering, combined with the progressively
wavy movement of the grid. Both computer systems would rebuild themselves after the
self-destruction stage was over.

There were different interactions happening between four algorithmic creatures and the
audience. EDF0 during the stage of Neutralism and Predation tended to move in the
opposite direction when the participants were close. During the show, I noticed some
people had developed their own ways of interacting with EDF0 based on their
characteristics, instead of simply chasing them around. For example, some students
from Nathan Meltz’s class blocked the creatures’ escape paths and pushed them
towards their predator CB2D, intentionally feeding the predator with its prey. In sharp
contrast, Emily Zimmerman, who came to visit the show on the third day, tried to
protect one EDF0 by pushing it away from its predator, developing an empathy with the
creature. On the second day, a group of visitors stood in circle in order to trap a couple
of EDF0 as a way of imprisonment. It was extremely interesting and unexpected for me
to see these behaviors from the audience; but, the behaviors worked well enough to
bridge an emotional relationship between the creatures and themselves. The
interaction was no longer a one-way impact from human, but a mutual influence from
human and digital creatures, affecting both.
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Apart from interaction with EDF0, the audience could also step on the snake-like body of
1B5F1 throughout all stages and activate the intense shaking of its inner body structure.
CB91, who co-existed with EDF0 during the first two stages, had a relatively friendlier
characteristic, as it tended to move up to the nearest person within the environment.
1D789, the host in the stage of Parasitism, would stick with one available human in the
eco-system and stretch its central hollow space, surrounding the person with its
ring-shaped body.

For the sonification part of Algorithmic Menagerie, Fox and I established a distinct
sonification rule for each creature in the system based on both its inherent features
(including: body framework, tile type, size range) and its instant data (including:
coordinate, velocity, sub-child amount, strut ratio that controls the inner body stretching)
while living in the environment. When both systems were running, they sent data and
triggered events regarding all the current existing creatures through OSC (see Figure 6.3).
Fox received the data in Super Collider51 and according to our pre-designed sonification
rules, mapped the data to the corresponding parameters of a grain, the component unit
in the process of granular synthesis, generating sound of the creatures. The entire
soundscape kept a 1:1 correspondence with all the sonic features. While the sound
initially depended on the data from creatures themselves, the sound making could be
51
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considered as the creatures’ autonomous behavior, though it was not used for any
semantic communications.

Figure 6.3: OSC message printout

7. Context

Algorithmic Menagerie can be considered as computer-based generative artwork using
the three keywords: geometry, fractals and artificial life. Each creature’s body is an
organic cellular cluster, whose individual cells visually represent polygons. These tiny
geometry shapes serve as simplified representatives of biological cells. This cell to
polygon mapping is the initial inspiration for the entire project. The subdivision process
that is used to construct the creature’s body structure, implements the generalized idea
of fractals. While the tile type rewriting in the project is a constrained, finite process I
defined; the rewriting happens in every level of the recursion, which makes it “tend to
be scaling.”52After the integration of behaviors, these creatures began to exhibit living
features, extending beyond merely organic and lifelike patterns. These featured
behavioral imitations of traditional biology provide another perspective to experience
Algorithmic Menagerie, as artificial life.

52

Benoit B. Mandelbrot, The Fractal Geometry of Nature (New York: W. H. Freeman and Company, 1982), 1.

54

55

7.1. Geometry

Many computer-based artworks during early development of the computer were
presented as simple non-objective geometric shapes. While the early computer’s
technical limitation did result in a monotonous theme, that theme can be attributed
more to the lack of experience in using the computer as a tool and medium to make
artistic expression. As A. Michael Noll pointed out its aesthetic problem:

The computer has only been used to copy aesthetic effects easily obtained with
the use of conventional media, although the computer does its work with
phenomenal speed and eliminates considerable drudgery. The use of computers
in the arts has yet to produce anything approaching entirely new aesthetic
experience.53

The use of the computer to create artworks was more based on the artist’s
understanding of existing artistic styles and movements. Even Noll himself created
several early works (see Figure 7.1.1) based on the paintings by Piet Mondrian.54 This
reveals an interesting fact that geometric abstraction has possibly influenced early
computer art to some extent. Such underlying influence was also found in computer
generative art pioneers, Kenneth Knowlton and Lillian Schwartz’s work Pixillation when
compared to Kasimir Malevich’s Black Square:
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Nevertheless it can be related to it as a start point of the supremacy of the
geometrical forms. Such as they would not exhibit such movement concepts
trying organics shapes, for instance. The dynamics of such work, also correlated
to movement, as it is an animation, might be related to the “complication”
phase of Malevich, where he experiments creating tension between two or
several instruments.55

Figure 7.1.1: Computer Composition with Lines (1964), A. Michael Noll

However, the use of geometry in Algorithmic Menagerie is totally different from one in
Malevich’s geometric abstraction art. My polygons serve as simplified cells of the
creature, instead of being completely non-objective. In From Cubism and Futurism to
Suprematism : the new realism in painting, Malevich gave his manifesto: “And this is
possible when we free all art of philistine ideas and subject matter and teach our
55
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consciousness to see everything in nature not as real objects and forms, but as material,
as masses from which forms must be made that have nothing in common with
nature.” 56 Although both including a visually reductive process, unlike Malevich’s
liberation of his works from object, algorithmic creatures adopt the object (microscopic
cellular structure) in nature as a reference.

Michael Noll’s Hypercube (1965)57 was an early computer-generated animation of a
rotating four-dimensional hypercube. The work was originally developed as a technical
demonstration of producing “animated movies for educational presentations of
scientific concepts,”58 and is now generally considered as one of Noll’s representative
artworks. The most interesting and relevant feature of this work to me is its dynamism
and visual complexity based on a group of comparatively simple geometric units. While
its motion was simply a linear steady rotation, Hypercube’s additional spatial dimension
added many variations to its transformation, greatly diversifying its visual appearance.
The idea of building up complexity using simple units is also implemented in my
algorithmic creatures. The difference is that instead of increasing Cartesian dimensions,
I implement fractal dimensions to the construction process of my creatures.
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7.2. Fractals

It must be borne in mind that, although closer observation of any object
generally leads to the discovery of a highly irregular structure, we often can with
advantage approximate its properties by continuous functions…In other words,
at certain scales and for certain methods of investigation, many phenomena
may be represented by regular continuous functions, somewhat in the same
way that a sheet of tinfoil may be wrapped round a sponge without following
accurately the latter’s complicated contour.59

Fractals were coined by Benoit B. Mandelbrot as “a new geometry of nature”60 to
describe “irregular and fragmented patterns.”61 Many simple fractal examples share the
same self-similarity characteristic with some of my early algorithmic creatures.
Self-similarity means that the entire structure consists of smaller copies of itself, and
such feature exists at all scales of the structure. Both early construction by finite
subdivision and late construction by tile type rewriting methods can be considered as
generally fractal. One factor prevents them from strictly being classified as fractals,
which is that, I constrain scale due to finite levels of recursion.

With the help of many fractal-generating software (e.g. Ultra Fractal 62 , Frax 63 ,
Mandelbulber64), whether artists or not, people could create astonishing fractal visuals
59
60
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62
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simply by setting a series of parameters. Therefore, the process is more like a selection
from or an exploration of pre-existing possibilities based on mathematical sets, rather
than a traditional artistic and creative practice, which contains more subjective
involvement of the artist himself. British fractal artist Tom Beddard creates evolving
fractal landscape (see Figure 7.2.1) based on Mandelbulb set, which is a spherical
extension of the Mandelbrot set. For him, the creative process is writing his own
software and scripts to explore the resulting output in an interactive manner.65 Instead
of directly visualizing fractal models as complex and detailed imagery like most of the
typical fractal arts, Algorithmic Menagerie takes a more subtle approach by using
fractals as an idea to build up the creatures’ body structures.

Figure 7.2.1: Surface Detail (2011), Tom Beddard
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Mandelbulber, accessed March 22, 2014, http://sourceforge.net/projects/mandelbulber/.
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Scott Draves is another software artist who uses fractals as an artistic expression. His
collaborative project Electric Sheep is “a distributed system” 66 that encourages
participants to download a screensaver, which generates transforming fractal
animations based on Draves’s Fractal Flame algorithm. The unique point of Electric
Sheep is that each fractal animation is not an individual running piece, but involving in
an “evolution and reproduction”67 process as a species depending on the audience’s
selections. This evolving feature makes each sheep go beyond the static visual
experience to provide a linear fractal animation, “blending man and machine to create
an artificial lifeform.”68

7.3. Artificial Life

With the integration and development of biological behaviors, my algorithmic creatures
gradually started gaining more fundamental features living beings: proliferation,
reproduction,

consumption,

and

communication

both

intraspecifically

and

interspecifically within a simulated ecosystem. While many details don’t strictly follow
their corresponding biological rules, these creatures could be considered as artificial life
forms, as “artificial life need not merely attempt to recreate nature as it is, but is free to
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explore nature as it could have been – as it could still be if we realize artificially what did
not occur naturally.”69 As software-based artificial life, their existences are confined to a
quite utopian equilibrium in a simulated ecosystem.

Created by Christa Sommerer and Laurent Mignonneau, A-Volve (1993) 70 is an
interactive real-time environment in which “visitors interact with virtual creatures in the
space of a water filled glass pool. These virtual creatures are products of evolutionary
rules and influenced by human creation and decision.” 71 Besides the interaction
between human and virtual creatures, there are also biological interactions such as
predation and mating between creatures themselves. Considering these features, the
theme of A-Volve is similar to the one of Algorithmic Menagerie. However, there is one
significant difference, the creatures’ body structures and motional complexity. In
A-Volve, the audience is in charge of creating his or her own creature whose behavior
would follow its form. The creature would partially function as an avatar of its own
creator, which conceptually blurs the boundary of reality and the simulated
environment. “By creating creatures, observing them in the pool and influencing their
behavior, the visitors will identify with their creatures. The interaction between the
visitors happens mainly through the virtual creatures, which mate and fight with each
69
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other. Thus the visitors will also communicate with each other, by supporting their
creatures in the pool.”72 From this perspective, A-Volve is more likely to serve as a
playful game, which helps build relationship between participants through a virtual
playground.

Galápagos (1997) is an interactive installation by Karl Sims, exhibiting the evolution of a
group of organisms. It consists of twelve screens; each one simulates the growth and
behavior of one organism. There are step sensors in front of the screens for the
audience to interact with. The audience can select one organism by stepping onto its
corresponding sensor.

The selected organisms survive, mate, mutate and reproduce. Those not
selected are removed, and their computers are inhabited by new offspring from
the survivors. The offspring are copies and combinations of their parents, but
their genes are altered by random mutations. Sometimes a mutation is
favorable, the new organism is more interesting than its ancestors, and is then
selected by the viewers. As this evolutionary cycle of reproduction and selection
continues, more and more interesting organisms can emerge.73

In this case, twelve organisms live separately as unrelated species. The first phase in
which these diverse creatures are displayed among the screens is merely like a menu to
start the interactive experience, rather than an interconnected ecosystem. In contrast,
my Algorithmic Menagerie tends to make this experience more seamless and immersive,
72
73
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leading the audience into this virtual ecosystem as a whole, instead of offering
separated demonstrations for them to trigger only one at a time.

8. Future Directions and Conclusion

Algorithmic Menagerie is not the ending point of my creative arts practice and research
in the field of generative art, geometry and self-organizing artificial life. There is still a
lot of potential development in the project, both conceptually and technically. Based on
my experience of early branching experiments on Algorithmic Creatures, two primary
long-term visions emerge. First is taking a physical approach and reconstructing the
creatures’ bodies using tangible materials. The second is a more autonomous and
flexible subdivision for each creature based on their behaviors and roles in a simulated
eco-system.

Throughout the development of Algorithmic Menagerie, one basis that has remained
the same is that all the code-based creatures are displayed as computer graphics. From
the perspective of artificial life, these creatures are software-based. The visual portal for
the audience to experience and understand them is primarily limited to screens and
projections. Therefore, one direction I would like to take this long-term project is to
materialize it using tangible substances, while maintaining its dynamism. The creatures
would become kinetic sculptures, but still maintain their visual and behavioral lifelike
quality. One reference work is Theo Jansen’s Strandbeest74 (see Figure 8.1), which is
74
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constructed using attached PVC tubes to propel itself by pumping stored wind energy in
embedded tubes that act as pistons75. Another reference work is Chico MacMurtrie’s
Chrysalis76 (see Figure 8.2), which “is composed of 100 interconnecting high tensile
fabric tubes”77, and is “animated by compressed air via a servo controlled computer
system”78. By regulating the air amount in each inflatable segment, the “architecture”
can perform different transformations and movements.

Figure 8.1: Strandbeest, Theo Jansen
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Figure 8.2: Chrysalis, Chico MacMurtrie

I find these two works relevant to my future directions because both have complex body
structures composed of tubes, which visually could reference the geometric edges of my
algorithmic creatures. Another point is that, in these two works, although using
different methods, every segment or muscle’s extension or retraction contributes to the
movement of the entire structure. This movement also reminds me of the similarity to
my work where morphing of the creature is basically driven by the motion of every
division point within the cellular tile.

The second future direction I’m considering for Algorithmic Menagerie is using a more
autonomous body structure design process. In this case, the creatures will continue on
their software-based lives. In my algorithmic creatures series so far, most subdivision
rules are based on one pre-designed tile type. Despite their visual complexity, there is
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not much variation happening regarding its rule that builds up the structure. I am
thinking of building up a more diverse and flexible way to set up the subdivision rule for
each creature. The subdivision rule serves as a genetic feature, like DNA, for its
corresponding creature. From the perspective of construction, it could be implemented
by assigning each cellular unit of the creature with a tile type that is selected from
multiple pre-designed types. Each tile type functions as a nucleotide. Through a
different sequence of combinations, these individual tile types will form into subdivision
rules, just like nucleotides being polymerized into DNA, which consequently determines
the creature’s appearance.
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